SUPPLEMENTARY INFORMATION

Kinetic analysis
Current recordings were fitted to a first-order ordinary differential equation system representing a four-state sequential model ( Fig. 2A) using MatLab. The transition rates were considered to exponentially depend on the membrane potential. The forward (α) and backward (β) rates were defined as:
where, α 0i and β 0i are the rate constants at 0 mV of the i-th transition; z α and z β are the charge (valence) associated with the i-th transition; V is the membrane potential; k and T are the Boltzmann constant and the absolute temperature. In terms of differential equations, a sequential 4-state model (below) can be described as follows:
Rearranging these differential equation into matrix form yields
In general, these kinds of systems can be expressed as
where, ⃗ is a column vector (state vector) the elements of which correspond to the population fraction of each state and is the matrix (state matrix) containing the rate constants governing the reaction. The general solution of this system has the form
From this proposed solution, the derivative of the state vector is
Replacing 4 and 5 in 3 yields
Rearranging this equation yields
where, I is an identity matrix of the same dimension than A. Because > 0, equation 7 becomes
In this latter equation, the scalar and the vector ⃗ are known as the eigenvalue and eigenvector of the matrix A. In general, there are as many eigenvalue-eigenvectors pairs as elements in the state vector. For this particular case, there are 4 eigenvalues and eigenvectors. Finally, the general solution of this kind of system will be:
where, n is the number of states and c i are integration constants. To calculate these latter values, Equation 8 was evaluated at time zero, making the exponential equal to 1. Thus,
At time 0, the values for ⃗ ( ) correspond to those of the initial condition. Therefore, the values of c i can be readily calculated, since Equation 9 is an algebraic system of n equation with n unknown (c i ).
Replacing the calculated c i in equation 8 gives an expression that yields by fractional population of each state of the model in time.
Finally, having found ⃗ ( ) and the fraction of open channels (O(t)) which is the last element of the vector ⃗ ( ), current can be calculated using the following expression:
where, is the maximum conductance for protons, is the membrane potential, and + is the reversal potential for protons. 2.7365x10 -7
1.2x10 -7 Table S1 . 
